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Int: 0( u.ction 
reDar·~ton ot ~ nt Gsl C t.lyats 

CatAlysia tmd Oontact C·at~ .. .t. is 
Appa.ra·tus and r-ece ure 
!Ula.l;itic 1 l ;i.·ocedure ~ 
Dehyd:r· tioa Ii ,1pr~t1ons 

Ju '?ho .h;YCt-·ation oi' ..:th:yl Alcohol 
B. The. 'reh,y(! · tion o Ot :ier Leo l., 

l. , t;; ·n l Alcol.ol 
<. .. g;he F ropyl Al<.H>ho1s 
3. ~th ut;;l •1.lcvbole 

C. lho c 11 ;tl tion of ute1 Bet ·,en Lthyl Ale· hol n·3 
Aro.· atie Cc pi:nu1us 
1. Bet···· en · thyl Alco' ol ,a l ! enol 
2. 'Pet. Eh n tl~;rl Alco so ann .W.l .ne 

J}. The ., e.n:y .. 1·a ':ion of tl leno 1 col 
,: • 'i\l: .t" lrnhy l"&. "'i(Jtl o . V · .ci.o·ua th . t.o pound - 

l. The ehy<} rj:\ t;ion of ~..,hyl tt ,,r 
2. 1U .. e 'eb,rl:rat r n of Acetone 

lct'h.e :i yrolys:UJ vi' Ii, d:t~c~~rbon Oils 
• 'rbe yro. ~ s \.a f)f ar·~ t'tin 1} l 

B. b.e . "."'. lyE>is of I~. bl't c.at1ng Oil. 
Gr FDU.c Colt:.,toun(,S tJna."re~;te by Ce ent uel (, t ly t. 
tu, ax·y 
li ,terencf, • 



For St.Ve.t·al years 1-e5~ · ·l has ~et.:n uone t Inion 
Colle "e · nve,,t J.p;• t:.i1g t.he · ·,.c,s ibil .i.i,v of.' u :rw J ortl. nd 
Ceuae t •t ~ a. chemic .. l r~ ~atertal. Inveshl ,a.t ion b 
~la" , in 1951 1.n~.ic ·•'ted th .. t vigorous r aoti 'Jna ti k- pl ce 
wheti t ortland c .. >Gnt 1uid st ·on+;; ac .ds .._ .. e l:xect. 1h s 
L e ident whe.1 one <.:.onaidor, tne COJ.lposition of y eal 
i Ot'tl , id c0merrt ~ 

Sl.{,,,.. ~ .. . .. 2~-5 c ) • ..... • 64.:; I r::. 
A,""' ..... -\ 4.6 'gO :')1 ~ 12v ;> • • • • • • • • • • "" re .... o3 3 lt a ~.05 ...... l .. ~} ~ ..... .. . 1 • • d. 

If &u:C'ttctent acid ..ilt\ art ..i.ea to ee n.t • thl~ c le· .1 
nmt a ) l(Hiit, • ox .d · i i.l all dist: ol v , t'U aleo o t of the 
a.lwuinu 11 Artd 1'e.r.x·1c ox1t~.es.. The aillc mains u11dis- 
·· olv:Jd, · trnle oh: ro.(."J.u.ot•1c cid 1 \:Ule•~. Aleo,. ait;.ce 
thti celci.u;."' and a ~nel iu.m o.· <ia x.·a m ch o .. e · t j c t .e.n 
the al , i~1u.m. f~ 1d f, rr.i.c oxt,. e , thej' :r · ct i th the ac.id 
t1.t'Tt; • an m ... ly t f r ru.o .. t of th~ O:X.LOee h ve beeo r ·- 
1oved is 'G r'vs:sll>la fo:r ·tt.e al '.im · d f r.ric oxideti to 
h, t t.c.1:al.r.:z.ed• provi:iad tne 'a ia ,-otu at.ill l ,ft v·er. 
l?ro tt~e : con · d rations J. t e n t)e <;o .. 'l c ed th.a · oy 
ve:r.;v c~ ...... fully v r ,:in '\ihe 01.J.nt. of ec et u.... l p r· ,t: 
ot cement i~ ia poaJi>le to e ve al~~.t ill of the 
~. t ,J'(h. . ozid oa e r:d ost nor o )f t~b. -· w{ i ~ nee • ox•• 1 "t;: 
&· li:H) .,at tr• ii:eli.' i:· tlo of · c d 1 .. 0 ce e"''G, ·o :r&m v ll 
of. M1 ft\..t·Qn , o:Kid .a nd 1 o .-t of th~ a noa.. .c o 1 es 

. ~: re o e~ b~ .~01 ~lo in cift nd <!on equr 11't filtering 
anti fl! · h l. 6 .. 

·be mD u .le . e a vion o od•;.ct~ t1. 1..ch re 1:: in in 
tt e ... tl .·. <!oke, 'btfl.h)r.d .dl tm r·:r·m of g 'f;], " I'., in 
co:"'po , .... tion ccc ~~cl..1.n to the Gitt I (UP' nt r t1.o. 



co pof.>ltlo'..i. of !.'~ e ~t:i:ls'.Pl"e a'f'ed "b., re··ctin· .i.~v.O '"'Co 
aorrual ny~,1·ochlo •ic acid ivl. l. O.O( s o · v '!.<skill :r ul· 
, orcl an c;emc t: 

nt 

'' -~dfi 2:.,~~. i:.u!!'i ...25N -- £"'; 10"' 9. I: ~)J • A) ~)~ .• l e: . .,,, 
Al2o ;..}.~ 1.05 ;. a 9.91 9 ..... o 
'F~ r.:o~ v.81 \.i • it ;.$ 9. ;s 8.8 t 7., 0 
Cm> ?! .. ,,.t~ ~ O .. lu 1.6? !.!-.8£ i • 
. gO . 2, o, ;;14 -l~ 0.18 o.s9 
I '"U· Le · ., -...ill J!~.ftZ 12.t..~~ ~-~~1 
Tot. 1. 9Q. 1,:., 99.?1 9:J"BR 9 .r;, .. "' 

'l: e · nal:vs t) for the a lee h: e; en one the 
.l b(u t.ox-ies of t} e t :xill . 1 en· of th ·i orl;n-. rJ.e n 
Ce :i.nt \.iio 'P rly • 

'lhe v r1e1~1 n ez co .. 1 caition Vtit .. 'h c . .1nc n't.:ratiot of 
h.1 roc.blo cac 8-Ci<I i~ still b. tte1· e ·,r.i fr ·1 tbe fol lo ·1n·$ 
;rapb ( {) .g-u:x:e t), ·1 ere a .1 cone ntrat un ia pl ;t ir t 
pet cent by ~ ele! '# o ' :a.1e various o:xi ee1, a.cco d .in to th 
d~te ;1 ~n nhov. 

j,, t, ''Ei.?1 ee.eil be ,.. e Cit · l"&n :th 
'tt e • '.! j in t. l t e laO A,• . nd l~ th ,, 
F& 0 • The ot tJs. gels .l.llCl th1a .... 
oxi J.e .1 n b~; ~IJ · •ochl )ric a i d th ot 1er '" oxld e re o d .. 

t11· t 4 v ·' ·isat 
rr :-y ..Ln hy~ :oc 1 ori.c • 
ei6 p r unit w i l t of Ct!ts 11 ~ .... u.L r 
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l:'·n·tland cement. tU'ld tnv .. 1..;1 ·t~·t tho p y.;;i;ic·1l pron r·t.:."e. of 
the rt' "'tion pro'~tcts at1d their w S!'..n··ption ch:i:r" ct .cistics. (l..-) 

1'.t:.e t' ·eeatc!~ p1:oble~ for this th t.ia s to nveat1g 1~e 
t.:bea.r; gel., pl ep· l'.'ed t;• p"il"tial o.r. eomplt; e reaet on cf 
.tot·.l n1 e.e ent witb ectdo , to tlleir cattilyti.c po et;·. 
A r1etail a. e~~bo(i of pr.epal'' t1on of' tbea catal~ t' follo ., 
ht'llO • 



Tl e c t 1 ~ s d;; i ed tti~e the inaol ul'l e pro ucrts fr .... the 
.i;·enc ion betw -eu · ort an ce"' ent. n~ •ei.d :. • T' e ett od o,: 
p1:er.i"!t:a·~lon i • defu..e-ribed ir .. t.J :e thes_s o:e t~·J1is1-1 on 

:t·tlan<l c.e ent (9), but inoe eevet•al cl .. · ng e h ve b n 
1niaoduce , a co plet proced ;:x;· 1 e~v n n r • 

ln .;htF pr~c~dure • l;"10 ~oo · of or-era a ce ·ent a~· pl cod 
, n a two li ltj:t" ~lt1r£rnce !"lank.. Ueioni.zert a~er is no · rle<l 
:Lu aucl. quantity th t tne su o' t. tilii ·volu of the er nd 
the <;once.ntr, ted it1 id, hi.eh L a. .el tn r. e next ~tep, d( s 
up to 15<J(J .o ce, 'l.'h a ount 01 •ate1: varies ~ t th the concen­ 
'trat on of' ach1 ne l ··.;:ii. :tbc ce e11t; und the , atar ·:re no 
thori:::n.;t:shl1 .,i:i< ett nd · tart~e11 to "'iv J a n) o naous ..,l r :I• 
'Ii en t.ne co :icen ~i~ated • .clc' i ehm .• gh o, brln th 
volu.~e ot tquid eti ct to tbe c ~ nt t J to .t.50 .. o cc. Thus 
the l'C-'S'Ul ln • olal'.'i t.' Of a.c: id 'ti t e lB\ID!I nt of ml. in v 

olo•ity of cone. c1ft 

J.l.l i•fHJ.C ti.1,).fl fla¢K i& tlior·.>u,:;..hl:y aha .. en ,o 'i naure 
ail equr.t t:o mL n of .;he.: ac: ta ti t: ·', cement• .. h n ft t ed i th 
. ref J.uJC co r1 en.. .r • • .d d 1 ::>o 't.$d :>ver eke burner f nr t, o 
l.1nth At'ter ·his (tep tle ro tur- i~ pou.1ed into 2 c .Lia 
Biict ne:r~ 1.ur i..el tu:;in..., tGwel cl<)tn a · filter inst d of 
f i.t t~r:- a er. The ...'onnel ia c.onn ,ct.ad t, .., ·. sv.ct101. p 1 1p and 
the 1•e etion )l·oduc't J a ~ :tilt i~ed 1,ot, A .ou.t 2 .inutes a ~ 
nee• .. ei:ir, .o $ H!l'l ;i..1 trn .. :ion. f'ie 1· i...u ive 
ti .~s . th ~ ,t, (t :lont tt: , usi"l c: c ite ' pru ti • 
Hot \Ster .ecp th~ ~l ln ~a pro· ct~ ln su&Jen io be r 

at. tL ... . s o ,_,r th u cold t r. 

rt 1nsol J.ble ·1·e tion p1~oduct 1 :bi<.: J i el, i 

fl0' (' f ·o u.,. :t .. lter 0 otl 1' I d t'1 Al tn an ~ • rntin 
di>h l 0 he d ryi.n t;"" e nee , _,sa "Y V. ri s ~1 ~ ti 1, a ";) (. 



ually e~o~t ~to . hour. a~~ L ~qui?ec. 1fter this ~ 1 g 
s~ep ~ha el ie broR au into eo rse p rt1cl , nd is 1~ y 
fo't· ~J th Y1. .lets o bout M) to ;· s ez::e o t u .. d, dcpen< 1.n.;. 
n the ru)r l i c:v or tl· e ae:i.d uH'ft • 

Lau<tiue da.cr·tb r~ in l1a th.: \a • ashing .Ltb dilt1t 
soaiu"A t.: r-e · t ,.; t ich ia · 1p1ie to tho g ~l'"' :fter t 
r.7rit.1 .. ~ 1, .. P ( l ) , Howe er f .. e t ,; 0 .. 1 the a.t l. '. i· o I o 
els tt,u., ·trePttH:,d l v . 1 ... d a. shar11 decre~;h. 1 .. ; tiivt . , e d 

i;l1 J w eh n , ti t r.e ~l 
.. ~ 1:¥th• use , .J. :o. Elddi .. ion,. im.<JtCb\-.£ oi ~ r- m n 
into fin .. :t-o·rdeJ, ia ·11..;1 ~ direction· :al .tOl', t 
pt.-.··· ;<~l{~ &1..~e u.'i d i: c. ts.Lytic tr•.p ri ,nt is out 
l/(1'' t~n e side. 
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lt ie . co ·tr:on pheno~enom th.at· eoll e re ctlol'.'ls 
slowly or nov at .n11~ 1n ~pit c,x . r-a l'eJ.: lar'oe ne 1'1e 

for t Le fl"' .e er,,et~g,t ch n .£.t la .·,~..., <Lt +,,o the i e 
:l t ·.u n :i.ci:.i , . t y for olecu.t.es to b~<·ome a t · va.t; ~ :e:t·o . the:-r 
c an reae .. • In ..,~ ~ et, teal kint: ti~. oa"lee one try t: .p:r sent 
uch a l'\:, c ton b' 

IHm.ctru tm (tu-81SW ctivatoa dol sou . .i.es ( ) • · ~t prt;:d ct (\..) 
T.h.f 'i:fi .t tiol t'.i.Oleculc,s A l'(:QUi "a the Ar < or:,. ticn of 

def'i111.t;e f t)unt of' ~me:.·~~~ In or' ex· to put t em !n an et1.v L d 
st~te B i.'1:0•1 wh.icl h y c:an. J:ea ra11 ;:.e to g1 v the C. 
'l?be l eat ~vol v~a i th. st~"' ; sr i lar, ,er t ~an tl~e h 
bsorb6lci in step .AB in u ,yo~.lt.r·..t.C r,.actlon, net ··ller 

v tea Bl.late ... tr e chief :tneto:r- 1.n de'\!e:t· nl. .. },t;: · e d o 
1;,he i:euction. .,.1 e gr· ater tlc !.i '&"Y x·ea i.t d for ctiv ,,~1~ 
the 1'~'.l~-Ctr cire vhe :Oiecu.UiJJ pos.;e &.t.n.~ thi. ·ne1·. ~ n 

tenee, th .. slov.er :1.13 ·t;iE- r•,, ctl.Ot.l a.ta 01ven te pr t,J.re. 

·ny flU'b*' · ·1nco wnicb. in{~reaoe the 1·at 
$a<:tiorj. 1thout bei- u ·,,.du· i.,a the;.,'. c·ion is cl d 

eirta.t.ya,.. -A.he Cf talybt bi tn ;i; abouU" tl :i. ie. ire,~ inc · a o in the 
5 ~t;;.(\ Of ,:b(1 'l'CtiC~ .. On. b;y ttecrea 1n tne h .. nt Of a 1V t ,On 

requlr.· n. lo¥ I' e t ~!' a .rore r· ~ · 1..i. 

:r~action. ueee •St.~ o , ~ol eculo tmll'e tb.tS! :t•t:tr ui:r. d e O\ nt 
of e.mer.·;Y to re ct;. Tho l·~1e;i'H'.1r en t\ y requirement 1s 
avo d~d b; · o e OJi'P .,. Usua.ll, the byp uing eonaj et.is 
1n f 01• in"; . ne , c~o pound ot 
..:.i!.er ;y oonsn!llin .;ion. ar: ·tl:teil r..teco 
co .. ri..11.lf'i('i in 8,itUh n u, ,Y &Ii to 1·e: e m·rt:t 

·i 
(5J 

.Co11tac ca,i..,' 1, i den etl.(H'lS 

n , the au i ·... (• eo or t v o h • 
oe.; cont· ct etttftlytic roceas .. t ace . t c1 solJ.':t,. luill 

i.nte:rf'i'.'.l<.~o, .. ')tl o .... the .~ t w- la ,,.e • po~ tion ~t· t olid- 
g r 1nt:v· .o ... .. ul ,en l al, a~. orpti.or.i o:t or1•., o:r or . f 
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:;he re cte.nt. is a neces .at'?' .}I"e.t ~qu site fc~ c 11 ~l~vti.o -h· n • 
r~ar ere t10 t,oorl. f 9~·~vation 'u~ to ·Gsoi,Ll~~. Ab 

.'Lto;}'t, .Hc-tiva·tl:;,:n t.'Y orien\#e~. "" aorptLd., e n ~.ste a 
vl tei atic.m. vf the 01.) !i urat1on f t . . 1 nbk' ol•~c l , 
a· tt ~ o (min up of 11 --t. at...,1 r lea:..e · or s .v ...... ec.orulery o 
r ·a 1.ri. a v~lenue on 011 tb.e $U:t':' ee ox"' t e catal:r t. it.;ce 
dEOJptlon .D thaw: doe not u~uall~ l ·d to cul · 
oetoi~ ?tio 1 the secen +,beury of ac .... tv ti·) t 
c .tv· bion re :n. .. lta fro. uitabl ul t.ipl 

Ls , lib., 1n <! mu .nt adtH)x:pti.on 01 th J t o enc e o: 
b~ sct·~a pc.nta >n the c tal t1c -urr a;. 
e.,ie f rt her a. a ·t than t.ri; nor~ l ltfO th of h .. ol cu , 
~-u.tflc1n-n1'ly ~tron aasor .. t1.on J..l t'.f:i'US. str :.tc'I- in sn 
c:U.Gtr1x:t;iou wt!<:.h are tiatr1eCI t1 l.nc:·ea. ol cular· , ctiv1 .. Y (2 ). 

le 

d:ies . two th.;.; r.i , in< ic.en; i ... he lm. ort no o t 
c il ta.l:t t. .•. 1,,t~ au.r·tace. l aretor : U m t ~o - of pr ,. .9_:f'll't on o 
the <~at'.r:i1 .. st ls t ... port .t, elnce ii. is th·~ od , :t T':r a.rati.on 
hieh ia J. ..• l' l"Y r ~ ... n ible for enablL1. tne eur-l·iee to 

at' orbo ~inJ lCui.V. e o.Le<.ml.cs • 

. ;:'1:1 lrs long be·.u •r;o·n "l.t ; .,,u1c· e;el is a 
· sox·bent £01· ~ c.n'.'<1 <.;a and . eve~· 1 s l a 'ro 
T is OJ.a be n showu to i:)e ttt~ e for cem. • t; ~l 
J .. a 1 .is.a~ s .re ar h l £ t ;• e'l"' • wb l" ho de om; t ~l l.gh 
ad or'b o or of t: ef:. . ge. e fo1· ttetn;vlon 1 · e and 
l' ,J .. 

he ad.so ion v a a ,n ;hG an.J..id ent ... t l. in 
cca:.t~.c·t "' ~ 1 sis,. a a ·inct- -J. f h .... 1ca-al1 m l.l'D t e 
do ox 1btt hl tnis rea eo., it 50 t 
ro 1e. r .- t r.· ts.l ti.¢ o .r > t . c . nt l 

o:v ,J\ . int:: ;u of' this r con· · ct · ,al~ a1 • 
v t oa· ~ e c t'fllJ.•., 1_ i e>"C:1 U<.l.V . y us, • t .t Ls, t 
r, .. ~ent; 1e va or ~~et'< l.e ore :it co· ,a .tr.to co ta.ct 'f!i th t 
c;ment ·.l t~l at. 
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t n h>le rubber ato .r. rbro on. u.l~ le•1a .o .A 

~ut:.in~ d: i h 'to wl o the upp>!u~ )a:t:·b of t ... e e ,nt·. ~ ner • 
.. he otber 11 )la 1s s .. nl, fitted w t. a. . !an·t 1<:.c \ o e u 
~ tien 1.n,; l '1,0 t bottl. e .Ot)t r .. tha.1~ 2 c: .. .11 l o 

er)rl r-~ of 'bot :>. :oleo ;s o .t ta t.n nt; r-e ue ow ; e 
te1 lt.v o tlu:t tr u -n~ Tl ;Ula i.t;h 

!··ter b .. , e •t,, n U1e fa et"Jt wt t. f3tceller l 

tub.&Jl. . pt "C Q ·~zl,.b('.:.t". 0 " . tb 

b ttl.e O?l tre ootto ' thiJ.O th. 3it• .i .t'orre a c 
tne lo . ,J.£1, tut,in~ n tte ~ p .. Ul r.1os i· ) 

0; · Pf~ ".,, l t(H .... c J. l 16 C 

Tbe r.''.t iNH: h,,. e co 1i.r1 f :o 
fr{) ..,.hm t..tb 

tot 

tubin • a. 1y ne teti i a t 1 i~ 
e t<n:-e tl.... w t.ei· b~ t :l t .e a ell la tt in • e 
pt' s1t1·0 o. t.b.e .. collcot.e<1 i1 sar~L a. a ner i be o 

"'()Sf h r·ic pres· u1·t: v'l' ·t.t:e t eigl1t t>f the wt~t e l ve in e 
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·· t 1u t e ~- tt"OU ~~at; b· &r tot' i t e ~ 1..<le.. :tr ... e 
tlH?. Jil,.o c2o3 ·.,re in 'm tb at. 
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